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Abstract.—The cecidomyiid gallformer Rhopalomyia californica Felt is endemic to Cal- 
ifornia where its natural host is Baccharis pilularis. The midge also develops in B. hal- 
imifolia and B. neglecta in the laboratory and this made it a potential biocontrol agent 
for B. halimifolia, a serious weed in Australia. Host specificity tests indicated that the 
flies would not oviposit on any of 65 economically important plant species. It was therefore 
considered safe for introduction into Australia. After two unsuccessful attempts, estab- 
lishment was achieved in Queensland in 1982. A subsequent large scale mass rearing and 
releasing effort resulted in the insect being established throughout the range of B. hal- 
imifolia in Australia by 1986. The insect has given a measure of control particularly in 


elevated areas and in years when spring and early summer were wetter and cooler. 
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The North American woody shrub Bac- 
charis halimifolia L. (Family Asteraceae: 
Tribe Astereae: Sub-Tribe Baccharidinae) is 
a noxious weed in Queensland and New 
South Wales, Australia, and is the target of 
an extensive program to find suitable bio- 
logical control agents. This program has in- 
volved searches in both South America 
(McFadyen 1979) which is the ancestral 
home of the genus, and North America 
(Palmer 1987, Palmer and Bennett 1988) 
where 20 species, including B. halimifolia, 
are native (Mahler and Waterfall 1964). 

In North America, three species (B. Aal- 
imifolia, B. neglecta Britton, and B. pilularis 
DC) are apparently phytochemically very 
similar because a number of stenophagous 
insects accept all three as hosts under lab- 
oratory conditions (Palmer 1986, Palmer 
and Tilden 1988, Palmer 1989). Recently, 


Nesom (1990) placed these three species in 
the same section, Baccharis, of the genus. 
It was therefore considered that the insect 
fauna on B. pilularis might provide useful 
biological control agents for B. halimifolia. 

One such insect was the gall midge Rho- 
palomyia californica Felt (Diptera: Ceci- 
domyiidae) which develops in multi-cham- 
bered galls on B. pilularis in California and 
which is one of at least seven species of 
cecidomyiidae that utilize Baccharis spp. in 
North America (Gagné 1989). This paper 
describes the host testing procedures and 
the subsequent successful introduction of 
this insect into Australia. 


BIOLOGY AND ECOLOGY 


The biology of R. californica was de- 
scribed by Tilden (1951) and McFadyen 
(1985). Briefly, adults emerge from the gall 
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Table 1. Plant species against which Rhopalomyia 
californica was tested in 1968 to obtain permission for 
its introduction into Australia. 


Apiaceae: Daucus carota L., Pastinaca sativa L. 

Anacardiaceae Mangifera indica L. 

Asteraceae: Baccharis halimifolia L., Carthamus 
tinctorius L., Chrysanthemum sp., Dahlia sp., He- 
lianthus annus L., Lactuca sativa L. 

Brassicaceae: Brassica oleraceae (L.) Alef.; B. rapa L. 

Bromeliaceae: Ananas comosus (L.) Merr. 

Caricaceae: Carica papaya L. 

Chenopodiaceae: Beta vulgaris L. 

Convolvulaceae: Ipomoea batatas (L.) Lam. 

Cucurbitaceae: Cucumis melo L.; Cucumis sativus L.; 
Curcubita maxima Duch. 

Fabiaceae: Arachis hypogaea L.; Centrosema pubes- 
cens Benth.; Desmodium canum (Gmel.); Glycine 
wightii (R. Grah. ex Wight & Arn.) Verdc.: Doli- 
chos lablab L.; Glycine max (L.) Merr.; Lotononis 
sp.; Medicago sativa L.; Phaseolus atropurpureus 
DC.; Phaseolus vulgaris L.; Pisum sativum L.; Stizo- 
lobium sp., Stylosanthe guianensis (Aubl.) Swartz; 
Trifolium repens L.; Vigna catjang V. 

Linaceae: Linum usitatissimum L. 

Malvaceae: Gossypium hirsutum L. 

Mimosaceae: Leucaena leucocephala (Lam.) de Wit. 

Musaceae: Musa sapientum M. 

Passifloraceae: Passiflora edulis Sims 

Pinaceae: Pinus radiata D. Don.; P. taeda L. 

Poaceae: Avena sativa L., Digitaria decumbens Stent.; 
Panicum maximum Jacq., Paspalum dilatatum 
Poir., Pennisetum clandestinum Chiov.; Saccha- 
rum officinarum L., Sorghum vulgare L., Triticum 
aestivum L.; Zea mays L. 

Proteaceae: Macadamia integrifo. Maid & Betche 

Rosaceae: Fragaria vesca L.; Malus sylvestris Mill., 
Prunus domestica L.; P. persica (L.y, Pyrus com- 
munis L., Rosa sp. 

Rutaceae: Citrus limon L.; C. paradisi Macfady.; C. 
reticulata Blanco; C. sinensis (L.) 

Sapindaceae: Litchi chinensis Sonn. 

Solanaceae: Capsicum annum L., Lycopersicum escu- 
lentum Miller; Nicotiana tabacum L., Solanum 
tuberosum L. 

Vitaceae: Vitis vinifera L. 

Zingiberaceae: Zingiber officinale Roscoe. 


in the first few hours after daybreak and 
mate soon after their emergence. Males are 
particularly short lived (2-4 hours) while 
females live 12-14 hours and occasionally 
longer. Females can be recognised by their 
orange abdomen, the coloration of which is 
caused by the mass of vermillion colored 


eggs. They oviposit approximately 100-150 
eggs on the surface of meristematic tissue 
at stem terminals and occasionally in leaf 
axils. Neonate larvae enter the stem be- 
tween bud scales and produce a gall on the 
stem. A number of larvae form a commu- 
nity gall and these galls can contain more 
than 50 chambers each housing one larva. 
The larvae complete their development and 
pupate within the gall. Flies emerge within 
two months after oviposition. 

Ehler (1987) described the ecology of R. 
californica within its native range in Cali- 
fornia. His life table data suggested that the 
insect is heavily predated and parasitized 
and that these mechanisms maintained the 
population at comparatively low levels un- 
der natural conditions; the density of galls 
never exceeded 2 per 100 terminals. The 
parasite guild consisted of seven hymenop- 
teran species. However when the fly was 
released from its parasites and predators by 
spraying with insecticide, midge popula- 
tions exploded and in some cases caused the 
destruction of the host plants (Ehler et al. 
1984). This result suggested that this insect, 
if released without its parasite guild, might 
have considerable potential as a biocontrol 
agent. 


Host SPECIFICITY 


Materials and Methods.—A laboratory 
culture was first established in 1968 at the 
Archbold Research Station at Lake Placid, 
Florida. Mature galls on B. pilularis near 
Berkeley, California, were collected and 
shipped to Florida by air. Emerging flies 
from these galls were captured and placed 
in a cage containing potted B. halimifolia. 
These plants became galled and the culture 
was subsequently maintained on these and 
replacement plants. Flies from this culture 
were used for the subsequent experiments. 

A comprehensive testing program was 
designed to satisfy the Australian Depart- 
ment of Health’s requirements for intro- 
duction into Australia. The requirement in- 
volved testing the insect against a list of 66 
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plant species (Table 1) that were of econom- 
ic importance in Australia. However, be- 
cause the adult fly is the only mobile stage 
and because the larva is the only feeding 
stage, it was accepted that specificity could 
be demonstrated satisfactorily by suitable 
tests of oviposition behavior. 

Young actively growing tips were taken 
from each of the test plants (Table 1) and 
placed in individual glass vials of water. The 
66 plant tips were arranged randomly in a 
38 x 22.5 x 25 cm glass and stainless steel 
aquarium which was placed in a well lit lab- 
oratory, the natural light of which was sup- 
plemented by “‘daylight” fluorescent tubes. 
The top of the aquarium was sealed with 
cloth and masking tape except for a precut 
hole that allowed the introduction of the 
flies. The experiment was replicated twice. 

Mature galls from the culture were cut 
from the plants and placed in containers 
from which emerging flies were captured 
early the following morning. Twenty pairs 
of flies were introduced into each aquarium 
at 7 a.m. The aquaria were then observed 
for three hours after which the cloth tops 
were removed, the plants examined under 
a microscope and any eggs counted. 

Results.—Females quickly recognised B. 
halimifolia as a suitable host plant and spent 
most of the time resting and ovipositing on 
it whilst males rested on the glass walls and 
the cloth covers. 

Eggs were freely laid on B. halimifolia; 
more than 30 eggs were laid on each plant. 
No eggs were laid on any other plant and it 
was concluded that this fly was sufficiently 
host specific to be released safely in Aus- 
tralia. 


INTRODUCTION INTO AUSTRALIA 


Permission to introduce and release R. 
californica was granted by the appropriate 
authorities in October 1968 and a shipment 
of galls, collected in Tilden Regional Park 
near Berkeley, was sent to Australia. A small 
coiony was established at the Alan Fletcher 
Research Station, Brisbane, and from this, 


a very small field release of only a few galls 
was made at a site 30 km north of Brisbane 
in May 1969. However, the insect failed to 
establish in the field and the laboratory col- 
ony was also lost. 

A second consignment of galls collected 
in Tilden Park was received in Australia in 
November 1969. Again the laboratory col- 
ony was not sustained past a couple of gen- 
erations and no material was available for 
field release. 

In May 1982 a third attempt at intro- 
duction was made. This time about 100 galls 
were gathered from one plant in the front 
garden of a residence in Berkeley. The con- 
signment was then hand carried to Austra- 
lia. Although the galls were moderately par- 
asitized, 654 flies emerged over a period of 
9 days after their arrival in Brisbane. These 
flies were sufficient to produce galls on 48 
potted plants placed in an air-conditioned 
greenhouse kept at 28°C, 55-60% R.H. and 
a 14h day length. Third generation galls on 
359 plants were moved to outside condi- 
tions in August, 1982 (late winter). 

Some 320 galled potted plants were dis- 
tributed between three release sites to the 
north of Brisbane in September 1982. Suc- 
cessful establishment was recorded at all 
three sites wh¢ galls were found on the 
surrounding plants in October that year. 

During the next three years a very vig- 
orous mass rearing programme was under- 
taken at the Alan Fletcher Research Station. 
Ten shadehouses (30 x 10 m) were erected, 
6 people were hired and over 50,000 plants 
were potted and infested with the galls. The 
infested potted plants were then distributed 
throughout the range of B. halimifolia in 
Australia. By the 1985-86 summer, the fly 
was established throughout this range which 
is approximately the land within 80 km of 
the Pacific coast between Bundaberg 
(24°54'S) in the north and Lismore, NSW 
(28°44’S), in the south, a north-south dis- 
tance of approximately 600 km. 

The effect of the midge has been variable 
and appears to be related to climatic and 
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other conditions that influence the growth 
of the plant itself. The midge is favoured 
when the plant is growing rapidly. 

In the first year after its release, 1983, 
establishment occurred, but no significant 
effects of the galls were noted. In 1984 
McFadyen (1985) noted significant effects 
of the midge at various experimental sites. 
At two sites, plants were heavily galled and 
flower production had been reduced by 93%. 

The effect of the midge was most dra- 
matic in 1985. Better than average summer 
and winter rains were received throughout 
southeast Queensland that year which cre- 
ated conditions for rapid plant growth. In 
many areas plants were also experiencing 
their initial exposure to the midge. Through 
much of the area plants of all ages became 
heavily galled. Seedlings were often killed 
and in shaded areas such as the undercan- 
opy of pine forests, even large plants suc- 
cumbed to this attack. Even at some dis- 
tance, stands of B. halimifolia could be 
recognized as being badly affected. Grasses 
and other plants were also observed growing 
where pure monocultures of B. halimifolia 
had previously prevailed. 

The following year, 1986, was rather dry 
and much less gall activity was noted. In 
most areas plants were only lightly galled 
and there was much less control exerted on 
them than in 1985. Despite a number of 
average rainfall years since 1986 there has 
not been a return to the 1985 levels of gall 
activity in much of the area. However in 
some elevated, higher rainfall areas within 
the range (e.g. Springbrook, Lamington Pla- 
teau, Maleny) the midge remained very ac- 
tive and a significant level of control was 
exerted. 

In 1990-91 an assessment of the phenol- 
ogy was undertaken in southeast Queens- 
land. In Queensland the midge is now most 
active in spring and least active in summer. 
Activity increases again in autumn and in 
areas such as Springbook, continues over 
the winter months at levels sometimes com- 
parable to those of the spring. 

One factor associated with the midge’s 


reduced abundance since 1985 has been an 
increased attack by parasitic wasps. Prior to 
1985 relatively low parasitism rates of less 
than 30% were reported. By 1991, rates as 
high as 90% had occurred with the highest 
rates being recorded in areas having the 
smaller gall populations. At least four par- 
asite species have been recovered from ma- 
ture galls with Torymoides spp. (Hymenop- 
tera: Torymidae) being the major species 
accounting for 80% of total parasitism. Oth- 
er species include a platygastrid and a my- 
marid and the parasite guild in southeast 
Queensland is similar to that recorded for 
R. californica in its native habitat by Ehler 
(1982). 

A further introduction of the midge was 
made in 1989 in an attempt to improve the 
insect’s effectiveness under drier condi- 
tions. R. californica is also endemic in the 
Sacramento Valley, California, which has a 
much hotter, drier climate than has the San 
Francisco area. Strains from this area may 
complement the existing introductions, but 
it will be impossible to evaluate the contri- 
butions of each strain. 

R. californica is the most successful agent 
released for B. halimifolia to date. It might 
be classified as a partially effective agent 
because it is effecting some control in the 
elevated areas but is not effective in coastal 
areas. However, it is also felt that in the 
event ofa series of cooler, wetter years, more 
widespread control might occur in those 
years, 


DISCUSSION 


A number of comments may be made 
about the successful introduction of this in- 
sect. 

Although the insect was quickly proved 
to be sufficiently stenophagous for impor- 
tation and release, its successful establish- 
ment was not easily achieved. In fact three 
attempts were made and after the first two 
failures it was considered unlikely to be a 
successful agent. Undoubtedly the im- 
proved rearing facilities available by 1982 
contributed to the eventual success. Labo- 
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ratory colonies could be reared through win- 
ter so that greater populations were avail- 
able for release in spring. The timing of the 
releases might also have been important. 
The failure of the 1969 release might be 
partly explained by the fact that the release 
was made in May when the plants had ceased 
growth for the year. Nevertheless, this case 
highlights one problem in biological con- 
trol; just how long should one persist with 
an insect if establishment is initially unsuc- 
cessful. This case suggests that further at- 
tempts to rear and establish a difficult insect 
might be worthwhile. 

Gallformers have not always been con- 
sidered as potentially effective agents. In- 
deed Harris (1973) considered gallformers 
and leafminers to be the groups inflicting 
least damage on weeds. More recently there 
has been greater appreciation that galls can 
act as metabolic sinks (Harris 1980). Gall- 
formers have now been reported as causing 
detriment to at least three other plant spe- 
cies (Caresche and Wapshere 1974, Mc- 
Fadyen 1985, Dennill and Donnelly 1991). 
This case provides a clear example that gall- 
formers can be effective biocontrol agents. 
Indeed as many of them have short life cy- 
cles and good dispersal rates, they have much 
to commend them. 

This case also provides another example 
in which an insect collected from a closely 
related plant has provided control ofa weedy 
species. Hokkanen and Pimental (1984) ad- 
vocated that it was preferable to search close 
relatives rather than the target organism it- 
self for biocontrol agents. While we do not 
support that extreme position, this case does 
lend support to the philosophy that it is well 
worth while searching related plants as well 
as the weedy species itself. 

Another aspect considered important in 
the selection of successful biocontrol agents 
is that of climate matching. It is generally 
considered that an organism is more likely 
to be effective if it comes from a similar 
climate to that of the areas in which it will 
be introduced. Indeed, Wapshere (1988) 
recommended against attempting to utilize 


insects from northern Mexico for control of 
Solanium elaeagnifolium Cav. in Australia 
on the basis of considerable climate differ- 
ences between the two areas. However 
McFadyen (1985) noted that the climates 
of southeast Queensland (subtropical, sum- 
mer rainfall) and California (Mediterra- 
nean, winter rainfall) were quite different. 
This observation was confirmed by con- 
ducting a climate match using the CLIMEX 
model (Sutherst and Maywald 1985, May- 
wald and Sutherst 1990). This model de- 
termined that the natural habitat of R. cal- 
ifornica best matched areas in Western 
Australia, South Australia and Vicioria and 
that there were no comparable areas present 
in Queensland. This example suggests that 
climatic differences may not always be im- 
portant and therefore this criterion for se- 
lecting agents should be used with caution. 

It is also of interest that the initial ma- 
terial for the successful establishment was 
collected from one isolated plant. The ge- 
netic variation of this population was evi- 
dently sufficient for the species to establish 
over a range of climatic conditions. 
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